Abstract: There is considerable demand for special education services for the over half a million students with autism in the United States. While assistive technology may augment educational services, its implementation is often prevented by a number of practical and attitudinal barriers. These barriers are especially pertinent for the newest and thus least familiar digital systems, such as computerized smartglasses loaded with specialized software modules. Computerized smartglasses are a technology that has already been shown to have an ability to deliver educational interventions through augmented reality. With this in mind, we sought to understand how school educators received and assessed the practicality of a smartglasses-based educational intervention in a single-subject study. The intervention was designed to aid with attention and social educational learning in autism. The intervention was delivered twice a day during a two-week study on a 13-year-old student with autism who was attending a mainstream middle school in Massachusetts. Three different school educators delivered the intervention: the student's general education teacher, special education teacher, and paraprofessional. Educators recorded their attitudes, the practicality of the technology, and its impact on the student and their classroom through the use of a digital log and a series of in-person interviews. Overall, the school educators experienced a positive view of the smartglasses. The smartglasses intervention was found to be logistically practical to implement, easily usable by both the educator and student, and not time-consuming to learn or implement. Educators also identified the experience as being fun for the student, and felt that the student demonstrated improvement in his verbal and non-verbal skills. There were no adverse effects on the other students or the classroom, and the technology did not result in a distraction. These findings suggest that social skills interventions delivered by smartglasses may be practical, useful, and may lead to improvements in social communication skills. Further research on smartglasses may help to clarify the future role for augmenting special education in students with autism.
technological mishaps [10] . Distraction may also result when educational technology is used by students for non-educational purposes [32] . This situation is more likely to occur when students find the classroom tasks too easy or too difficult [33] .
Smartglasses in Classes
New assistive technologies based on smartglasses, which are computerized glasses with an optical display, may herald a new approach to help augment special education services [34] . Smartglasses, such as for example Google Glass, contain a complex array of sensors, and are able to collect video and audio data from the user and the environment. They are also able to monitor movement and velocity through an inbuilt gyroscope and accelerometer [35] . Smartglasses can provide users with video and audio guidance through an inbuilt display and bone conduction/audio speakers. However, there are substantial knowledge gaps and conflicting reports in regard to how these devices may be used in real classrooms, and optimized for teaching and learning [36, 37] . Some early findings in university settings suggest that while educators may be very interested in using smartglasses, they may encounter technical and usability difficulties when they attempt to do so [37] .
Specialized smartglasses designed for socio-emotional learning have been found to be feasible [34] , well tolerated [38] , safe [39] , and help reduce symptoms of autism [34, 40] and attention deficit hyperactivity disorder [41] . Additionally, despite past negative perceptions and stigma associated with such devices, children with autism express a desire to use these socio-emotional assistive smartglasses technology in the classroom setting [42] .
However, real-world classrooms may provide a much more challenging setting for social skills interventions [43] than the controlled research environments where much of this research has been conducted. The teachers who utilize this technology during their normal school day will be able to rapidly assess the key technical factors that have been shown to drive the adoption of this technology, such as its reliability, ease of use, and a belief that the technology can aid learning [44] . There is also a need to understand the perceptions and attitudes of school educators, especially as smartglasses-based educational interventions are novel and largely experimental. Through exploring both practical issues and teacher's personal perspectives, this report aims to shed light on internal and external barriers to the adoption of smartglasses as an assistive special education technology.
We sought to identify the perception and attitudes of the school educators in relation to:
(1) The practical, logistical, and technical aspects of the smartglasses system intervention; (2) The impact of the smartglasses system on the student's social, emotional, and academic skills; and (3) The broader impact of the smartglasses system on the educator, their teaching, and the rest of the class.
Methodology

The Technology
The Empowered Brain is a smartglasses-based social skills coaching tool [34, 38] . The system has been developed as a digital platform that integrates specialized modules on smartglasses, companion apps on smartphones/tablets, and a web-based data portal (Figure 1 ). The web-based data portal collects and analyzes real-time data to produce numerical reports of user learning and interaction.
The Empowered Brain is based on smartglasses that are worn by the student in a similar manner to glasses, and provides an intervention while the student is interacting with a facilitator (e.g., a teacher). The smartglasses provide the user with contextually appropriate visual and auditory guidance and cues in real-time. For example, it can guide users to pay attention to the faces of the people with whom they are interacting through virtual guidance arrows and cartoon-like masks that are superimposed on the facilitator's face. The Empowered Brain incorporates game-like experiences, so that improvements in performance lead to in-game rewards such as points and unlocked levels. The Empowered Brain is able to recognize human faces, and decode facial emotions. While the user is utilizing the Empowered Brain, the facilitator prompts the user to engage in a conversation about educational topics, such as for example their current assignment, homework, and academic progress. The Empowered Brain monitors and stores data regarding the user's interaction with the facilitator, calculating the user's performance using sensors that monitor the user's interaction with the outside world, including the user's gaze, head movements, eye blink, and audio. The collected information is available for real-time review through a password-protected web portal. educational topics, such as for example their current assignment, homework, and academic progress. The Empowered Brain monitors and stores data regarding the user's interaction with the facilitator, calculating the user's performance using sensors that monitor the user's interaction with the outside world, including the user's gaze, head movements, eye blink, and audio. The collected information is available for real-time review through a password-protected web portal.
Figure 1. The Empowered Brain platform.
The Empowered Brain is a digital platform and includes apps that run on smartglasses such as Google Glass, companion apps that run on a phone or tablet and are used by the facilitator not wearing the smartglasses, and a web data portal for documentation and analysis of user learning and progress.
The software applications of the Empowered Brain have been previously described, but include innovations through software, engineering, and data partnerships with a number of technology companies including X (formerly Google X, Mountain View, CA, USA), Affectiva (a leading Emotion AI company, Boston, MA, USA), and Amazon (use of an experimental AI technology).
The Participants
The participants included a student who was the recipient of the intervention, and several school educators who facilitated the interaction with the Empowered Brain. The student was a 13-year-old boy with a diagnosis of autism who received special education under an Individualized Education Program (IEP) at a mainstream public middle school in Massachusetts. He was recruited to the study through an online research database. The school educators were the student's regular paraprofessional, a general education teacher, and a special needs teacher (Figure 2 ). They all had the opportunity to be orientated to the Empowered Brain, deliver the intervention, and provide feedback.
The Intervention
Over a two-week period, the student used the Empowered Brain in conjunction with one of their educators, who acted as a facilitator. The intervention was provided in the classroom alongside his peers. The intervention duration was 10 min, and was delivered twice a day at approximately the same time. Each of the school educators had the opportunity to become orientated to the hardware and software of the technology, and actively provide the intervention in the real-world setting. A total of 16 sessions of intervention were provided, with the majority provided by the student's general education and special education teachers ( Table 1) .
The intervention consisted of the student wearing and using the smartglasses while sitting at a table opposite the facilitator (Figure 3) . The student and facilitator would engage in a natural conversation, led by the facilitator, about relevant academic topics, such as for example a recent homework project or a topic that was studied that day. The student would receive visual and audio feedback coaching through the smartglasses during this conversation. The smartglasses would monitor the attention of the participant to the facilitator's face, and provide game-like points and The software applications of the Empowered Brain have been previously described, but include innovations through software, engineering, and data partnerships with a number of technology companies including X (formerly Google X, Mountain View, CA, USA), Affectiva (a leading Emotion AI company, Boston, MA, USA), and Amazon (use of an experimental AI technology).
The Participants
The participants included a student who was the recipient of the intervention, and several school educators who facilitated the interaction with the Empowered Brain. The student was a 13-year-old boy with a diagnosis of autism who received special education under an Individualized Education Program (IEP) at a mainstream public middle school in Massachusetts. He was recruited to the study through an online research database. The school educators were the student's regular paraprofessional, a general education teacher, and a special needs teacher ( Figure 2 ). They all had the opportunity to be orientated to the Empowered Brain, deliver the intervention, and provide feedback.
The Intervention
The intervention consisted of the student wearing and using the smartglasses while sitting at a table opposite the facilitator ( Figure 3 ). The student and facilitator would engage in a natural conversation, led by the facilitator, about relevant academic topics, such as for example a recent homework project or a topic that was studied that day. The student would receive visual and audio feedback coaching through the smartglasses during this conversation. The smartglasses would monitor the attention of the participant to the facilitator's face, and provide game-like points and rewards when they paid attention. If the participant looked away from the facilitator for an extended period of time, and demonstrated reduced attention, the software would provide guidance to direct them back to the facilitator. rewards when they paid attention. If the participant looked away from the facilitator for an extended period of time, and demonstrated reduced attention, the software would provide guidance to direct them back to the facilitator. Figure 2 . A diverse range of educators were involved in this study, and included a special education teacher, a general education teacher, and a paraprofessional. The study authors provided a training program to the educators to familiarize them with the technology and the intervention. Consent has been obtained for images to be published in a publicly accessible research publication.
The Classroom Environment
This study studied an intervention that was undertaken in the special education and general education classrooms of a public middle school in Massachusetts. Each classroom typically consisted of two educators, namely the special education or general education teacher, alongside a paraprofessional. There were 11 and 23 students in the special education and general education class, respectively. A diverse range of educators were involved in this study, and included a special education teacher, a general education teacher, and a paraprofessional. The study authors provided a training program to the educators to familiarize them with the technology and the intervention. Consent has been obtained for images to be published in a publicly accessible research publication.
This study studied an intervention that was undertaken in the special education and general education classrooms of a public middle school in Massachusetts. Each classroom typically consisted of two educators, namely the special education or general education teacher, alongside a paraprofessional. There were 11 and 23 students in the special education and general education class, respectively. The participant now wears the smartglasses and receives intervention while interacting with the facilitator. The participant looks directly at the facilitator during the intervention, and no longer displays hand-based fidgeting. Consent has been obtained for images to be published in a publicly accessible research publication.
Data Collection
School educators were asked to describe their experience of the smartglasses intervention, with a particular focus on the technical/practical aspects, the impact on the student, and the wider impact on their ability to teach the rest of the class (Figure 2 ). The educators were encouraged to describe their experiences through a digital logs and in-person interviews. Video interviews were conducted on a weekly basis. Educators were asked to provide insights organically throughout the study in their digital log. This content was reviewed for themes that would help identify the internal and external barriers to the adoption of this technology. Practical issues surrounding the delivery of the intervention, such as the ease of use, adequate space, and time were also noted. Importantly, the student's response to the technology, and the teacher's perception of whether the intervention was useful as an educational tool, were also noted. Educators were asked to think about whether the intervention would add to their workload, and how the intervention compared to past assistive technologies that they had utilized. School educators were specifically asked if they felt that the intervention had been a classroom distraction, whether they noticed any impact on the student, and if there were technical aspects to the intervention that could be improved.
Consent and Institutional Review Board (IRB) Statement
This research intervention performed under an IRB approved by Asentral, Inc. (Newburyport, MA, USA), Institutional Review Board, which is an affiliate of the Commonwealth of Massachusetts Department of Public Health. The study was performed in accordance with relevant guidelines and regulations. Consent was obtained from the mother of the participant, and assent was obtained from the participant. Consent was also provided by all of the educators involved in the study.
Results
Practicality and Implementation of Technology
The general education and special education teachers both felt that the technology was easy to use, and manageable to implement in the classroom setting ( Table 2 ). The paraprofessional identified that she did not fully understand the experience/mechanics of the game-like interaction that the student was experiencing. It would be noted that the paraprofessional only facilitated one session of the intervention, compared to the seven sessions provided by the special education teacher, and eight sessions provided by the general education teacher. Additionally, the paraprofessional also noted that she felt her workload had increased, although she attributed this to the need for keeping documentation for the purposes of this research project as opposed to additional workload when providing the intervention. The special education teacher, who has experience teaching over 100 children with autism, noted that children have a fondness for technology, and this appears to be the case for the Empowered Brain.
Student Usability of Technology
There were a variety of observations from school educators regarding how the student used the system. School educators found that the student could use the system and have the intervention delivered to him; however, both the special education teacher and the paraprofessional noted that the student appeared to be very focused on the game. The special education teacher noted that it took several minutes before the student adopted a less tense posture when using the smartglasses. Table 3 outlines direct quotes of the educator's perception of the student's experience using the Empowered Brain. Table 2 . Educator perception of the practicality and implementation of the Empowered Brain. Perceptions sourced from video interviews and typed digital logs are outlined below.
Facilitator Source Quote
General Education Teacher Video interview "As a novice, I feel like it is extremely easy to use, between turning it on, and prepping it all. It is very user-friendly; after a few tries, it is easy to figure out how to utilize the technology. I feel like it would be beneficial and doable for anyone, even somebody who has no knowledge of, or is not good with technology"
Paraprofessional
Video interview "I don't know exactly what he is seeing, if like slight turns would stop accumulating [points]"
General Education Teacher Typed digital log "As the teacher administrator, it only took me a few tries to figure out how to use the Google Glasses and brainpower software with great success"
Special Education Teacher
Video interview "With video games, you can get into your own world, you cannot really interact. You have to interact with the glasses, but I think with the format, it is less abrasive, less daunting, and more doable. I cringe at video games as they do not promote social interaction, but this causes them to be interactive, there is a give and take. I think the glasses are great for that"
Video interview "One thing that I like about the glasses is that it taps into the love for technology; kids love technology, and that's just a big draw for them, they like that incorporation big time" 
Video interview "At the start, for the first minute, I could tell he was very tense, but he loosened up after a couple of minutes, and was fine with it. To say that he was completely stress-free and had no stress would not be accurate, but it wasn't to the point that he couldn't do the task."
Impact on the Student
Both the student's special education and general education teachers noted that the student demonstrated improvements in his level of eye contact and participation in classroom activities/discussions during the study. His general education teacher identified an improvement in the student's conversation skills during the intervention. While the special education teacher noted a sustained improvement and mindfulness of eye contact, he did not notice any changes translate to the student's reading comprehension. See Table 4 for further details. 
Special Education Teacher
Video interview "I think it has been very useful for [Student] , in terms of being mindful of eye contact, it has helped him be more aware of the need for eye contact; for my students, one of the biggest struggles they have is with eye contact."
General Education Teacher
Typed digital log "We discussed how he felt about the project and eventually the conversation turned to his experience using [the Empowered Brain]. He said his overall experience was "awesome!" and hoped that his friends would be able to use the technology as well. I followed up by asking him if he felt that playing the game has helped him be more aware of maintaining eye contact after the game was played."
Special Education Teacher
Video interview "I have noticed that when the glasses have been taken off, the eye contact is still there, it is not there the whole time, but I have noticed an increase amount of sustained eye contact."
Video interview "I do think that [the Empowered Brain] promotes mindfulness of eye contact, [and] makes it into the front of their mind. I think the [Empowered Brain] prompts that to be part of their scheme, to be part of their mindset, because one thing that is good about students with autism, once it is part of their mindset, they will stick with what they adopted. [The Empowered Brain] will add that schema to their mindset."
Typed digital log "I did notice a change in [Student]'s academic performance in the classroom. While [Student] would usually look away during class discussions and be silent much of the time, I did notice that this week he increased his level of participation in the class discussions about the book we are reading as a class. In fact, he volunteered to provide [an] answer to a proposed question on three occasions within the past week. In terms of mastery of various reading comprehension skills taught in the class, I did not see a significant increase or decrease in his performance. In other words, his level of competence with regards to reading comprehension has stayed the same."
Impressions of the effect of the intervention on the student's attention was varied (Table 5) . During the exercise, it appeared that the student demonstrated very high levels of attention, and was able to stay on task. However, a slight increase in distractibility was noted by his special education teacher, although this apparently did not impact his academic work. Table 5 . Educator perception of the Empowered Brain's impact on the student's attention. Perceptions sourced from video interviews and typed digital logs are outlined below.
Facilitator Source Quote
General Education Teacher Video interview "I am able to have his undivided attention for a solid 6-7 min, which for most autistic children, or really for any child, that's very difficult, that is precious time you get to have them be rewarded for playing this game, while also being able to have their undivided attention, so that you can get a better sense of what they are understanding."
Special Education Teacher
Typed digital log "I did notice a slight change in the level of [Student]'s distractibility. Overall, there was a slight increase in the distractibility with [Student] during this past week. There was no academic trade-off for using Face2Face during class."
The student was concerned that he would be missing out on other activities while he had the intervention (Table 6 ). His general education teacher believes that it is important to explain to the student the purpose of the game as an attempt to alleviate the stress of the student, who may feel that they are not getting through the other work of the day. It should be noted that this student participated in one daily session of the intervention during his Civics period, in which the teacher was providing the class independent study time to complete their class projects. The student often aimed to complete as much of his homework during the school day, and was concerned that the time he spent doing the intervention would take away from time completing his project. This may be particularly important in children with autism, as they can demonstrate rigidity and a need for consistency in regard to their activities and schedule. Table 6 . Educator perception of the impact of the Empowered Brain on the student's classroom tasks. Perceptions sourced from video interviews and typed digital logs are outlined below.
Facilitator
Source Quote
Paraprofessional
Typed digital log " [Student] expressed to me while filling out the after survey that he is concerned that he isn't getting his Civics project completed."
General Education Teacher
Typed digital log "I'm not sure that [Student] (or most students for that matter) will get over the fact that the game is more than just an exercise to help with focus, eye contact, etc. without a clear rubric. I also feel that the rubric should be given and thoroughly explained to the student when explaining the game itself. That, I hope, would alleviate the stress of 'missing out' on class time."
Impact on Teaching and Classroom
The educators stated that they enjoyed spending time with the student, and did not feel that the intervention was a distraction to their classroom activities (Table 7) . Additionally, they felt that providing the intervention was actually time well spent, and they felt like they had more quality time with the student (Table 8 ). The special needs teacher felt that while other students in the special needs class were curious about the technology, the intervention did not lead to any disruptions, specifically no class arguments or fights. His general education teacher was very happy about having real-time feedback, and being able to adjust his teaching to the needs of the student with this information.
Educators also provided some additional feedback regarding the use of the web portal that was integrated into this technology. They noted that some improvements could be made to the web portal where data regarding the intervention was obtained. They stated that having access to a better wireless internet connection would be useful, as the initial attempt to use the school's wireless network was unsuccessful. Educators also wanted the web portal to have added functionality where communication could occur between educators, and auto-generated reminders were also available. 
General Education Teacher
Video interview "Would it be time lost on the content that needs to be covered? I've found so far that it really hasn't, I have had this chunk of time to talk to the student."
Special Education Teacher
Video interview "It went smoothly with the students and [Student], they didn't try to take it from him or try to play with it. I could see if you didn't give that pre-discussion, it could be seen as a toy, try to play with it, take it, and have fights over it."
Paraprofessional
Video interview "I really enjoyed the 10 min because he and I don't get that personal time, anything beyond 'don't forget to do this homework'."
General Education Teacher
Typed digital log "The game has allowed for me to get a better sense of [Student]'s overall comprehension of the subject matter in my class. Furthermore, while playing the game, I am afforded the time to clarify any confusion or questions he or I may have while maintaining his undivided attention."
Typed digital log "It has worked out very well, where it really has not been a distraction, even though I am spending some quality time with the student; before and after playing the game, I am able to address the other students as well. If nothing else, it has been more beneficial as they understand what's going on and they love it."
Video interview "You get that real-time feedback [that] as teachers you strive to get; time is obviously of the essence for anyone, being able to assess a student immediately allows you as a teacher to adjust [the] curriculum. Having that done automatically for us is even better."
Discussion
Demand for special education services for students with autism remains high, and novel assistive technologies may help augment current efforts. However, research has identified a range of barriers that impede the implementation of technology in the classroom. These barriers are especially problematic for special education. Modern lightweight smartglasses with educational software may prove to be a useful assistive technology. These devices are powerful face-worn computers that are sensor-rich, and able to collect information and provide feedback to users. These smartglasses have the ability to collect real-time behavioral and cognitive data metrics. These data can be analyzed and presented to educators as raw scores or as reports. Educators can use these reports to help augment their own observations about the student, and help to further develop both a short-term daily strategy, and longer-term IEP-based goals.
Despite a range of potential attitudinal and practical issues, this study found that this unique smartglasses-based educational intervention, the Empowered Brain, could be delivered by educators in a typical classroom setting. Educators felt positive about using the technology and found it to be a practical and useful tool in the classroom. Smartglasses are an emerging technology, and it was promising to see that teachers found the system to be reliable and robust over the course of two weeks of testing. Potential concerns about the technology not being suitable in a classroom setting were allayed in part by the finding that teachers were able to logistically allocate time and physical space within both special education and general education classroom schedules to provide the intervention. In almost all of the circumstances, the concurrent delivery of the intervention within the classroom did not result in any significant distraction to the rest of the students in the class, despite no change in educator staffing levels. Reassuringly, educators found the intervention to be helpful to their relationship with the student; it even resulted in reports of improved class participation, social interaction, and eye contact. However, other areas of academic performance, such as reading comprehension, were not affected.
While the qualitative findings of this preliminary report are positive, there are a number of important limitations. Firstly, the individual student cannot be considered to be representative of all students with autism, or of all students receiving special education. In this light, this research group is conducting further studies with a larger student and educator group across a series of school systems in the United States. Secondly, while qualitative teacher-reported insights suggest improvement to the students functioning, quantitative measures, including validated outcome measures, would provide additional supportive evidence. Thirdly, this study assessed 16 intervention sessions over a two-week period. More longitudinal study into the use of the Empowered Brain would also be warranted to determine whether there would be future practical or reliability issues, or whether educator attitudes would change over time.
Overall, it appears that despite many potential practical and attitudinal barriers to the implementation of this technology for special education intervention in the classroom, the Empowered Brain social communication intervention was found to be practical, feasible, and result in improved student social interaction, as reported by a group of school educators. 
